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DISC DRIVE IMPACTION FILTER DAMPING
VIBRATIONS WHILE TRAPPING
PARTICULATE CONTAMINANTS

RELATED APPLICATIONS

This application claims priority of U.S. provisional appli-
cation Ser. No. 60/225,253, filed Aug. 15, 2000.

FIELD OF THE INVENTION

This application relates generally to disc drives for storing
data and more particularly relates to an 1impaction filter that
reduces the number of airborne particulates, while simulta-
neously reducing acoustic noise and mechanical vibrations
within a disc drive housing.

BACKGROUND OF THE INVENTION

Efforts to miniaturize disc drives have resulted 1n disc
drive designs that permit greater data storage density. Recent
disc drive designs increase storage density by adding more
discs to a disc drive and by increasing the track density of
cach disc. However, as the storage density increases, the disc
drive’s ability to position a read/write head above a particu-
lar track becomes more difficult and more critical.

One approach to increasing the ability of the disc drive to
more accurately position the read/write head 1s to reduce
internal and/or external mechanical vibrations that may
affect the operation of the disc drive. Vibrations tend to
cause the disc drive to incorrectly position the read/write
head. When wvibrations affect the positioning of the read/
write head, remedial procedures must be taken to correct the
positioning. Such measures cost precious seek time and can
significantly reduce a disc drive’s efliciency. Various
attempts have been made to reduce internal and external
vibrations that may affect the performance of a disc drive.
However, these approaches generally require the addition of
parts mto the disc drive housing, thus frustrating the goal of
disc drive miniaturization.

Vibrations also cause acoustic noise that may be perceiv-
able by a disc drive user or may cause interference with
other equipment. It 1s well known that the mechanical
vibrations that cause perceivable acoustic noise can be
generated by the movement of the disc. These mechanical
vibrations are known to couple across the gap between the
discs and the disc drive housing, thereby enabling the
mechanical vibrations to emanate from the disc drive hous-
Ing as acoustic noise. Acoustic noise 1s another reason that
disc drive designers endeavor to reduce mechanical vibra-
fions within a disc drive.

The presence of particulates within the housing of a disc
drive 1s a well-documented phenomenon. If the particulates
reside on the surface of a disc or otherwise interfere with the
operation of the disc drive read/write head, such particulates
can adversely aifect the reading and writing operations of a
disc drive. Moreover, as a disc spins within the disc drive
housing, the disc causes air to flow, generally in a radial
pattern with the spin direction of the disc. One problem
caused by airflow 1n the disc drive housing 1s the transpor-
tation of particulates within the housing that can cause
damage to the disc or interfere with the operation of the
read/write head. The airflow can cause particulates to swirl
within the housing and to collect on the disc and between the
read/write head and the disc surface.

One approach to reducing the presence of particulates in
the disc drive housing 1s to place filters in strategic locations
within the disc drive housing. Such filters reduce the number
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of airborne particulates by f{iltering the air and slightly
restricting airflow 1nto the portion of the housing in which
the disc resides. Unfortunately, the presence of other parts,
such as the actuator arm, create tangential (i.e., not radial)
airflow currents 1n the housing. Strategically positioned
filters can fail to reduce particulates transported in the
tangential airflow caused by parts other than the disc.
Moreover, most filtration devices are solely directed at
particulate filtration and do not reduce acoustic noise or

mechanical vibrations in the disc drive housing.

FIG. 1 depicts a disc drive 100 equipped with a conven-
tional particulate filtration system. The disc drive 100
includes a base 102 to which various components of the disc
drive 100 are mounted. A top cover (not shown) cooperates
with the base 102 to form an internal, hermetically sealed
environment for the disc drive 1n a conventional manner.
The primary disc drive components 1nclude a spindle motor
146 that rotates one or more discs 108 at a high speed. A disc
shroud 150 can be formed in the base 102, thereby providing
space for the discs 108 and other disc drive components. The
discs 108 can be one or more discs that are typically
arranged 1n a vertically oriented disc pack. The vertical
dimension of all of the discs 1n the disk pack 1s the disc pack
height. Information 1s written to and read from tracks on the
discs 108 through the use of an actuator assembly 110,
which rotates during a seek operation about a bearing shaft
assembly 144 positioned adjacent the discs 108. Mounted at
the distal end of the actuator assembly 110 1s a read/write
head 118. During a seek operation, the track position of the
heads 118 1s controlled through the use of a voice coil motor

124.

A tlex assembly 130 provides electrical connection paths
for the actuator assembly 110 while allowing pivotal move-
ment of the actuator assembly 110 during operation. The flex
assembly 1ncludes a printed circuit board 132 to which head
wires (not shown) are connected; the head wires being
routed along the actuator assembly 110 to the heads 118. The
printed circuit board 132 typically includes circuitry for
controlling the write currents applied to the read/write head
118 during a write operation and a preamplifier for ampli-
fying read signals generated by the read/write head 118
during a read operation. The flex assembly terminates at a
flex bracket 134 for communication through the base deck
102 to a disc drive control circuit board (not shown)
mounted to the bottom side of the disc drive 100. The drive
control circuit provides a communication interface between
the disc drive 100 and a host device (not shown), such as a
personal computer. For example, the personal computer may
request information that 1s contained on the disc or may send
information to be stored on the disc.

The disc 108, typically spins in the direction of arrow A.
When the disc 108 rotates, airflow 1s generated by the
rotation. Most of the airtlow follows the radial direction of
the disc and flows 1n the direction of arrows B and C.
However, when the actuator arm 110 1s extended toward the
spindle motor 146, a negative pressure can be created by the
airflow and a tangential airflow can be created, for example,
in the direction of arrow D. It 1s well known that particulates
can exist within the disc drive housing. Particulates can be
dust, lubrication, or any other unfixed matter that may be
present 1n the disc drive housing. Such particulates can cause
damage to the disc 108, to the read/write head 118, and
oenerally adversely affect the operation of the disc drive

100.

The disc drive 100 of FIG. 1 1s equipped with two,
conventional filtration devices 136, 140. A fence filter 136
has a filter element 138 that 1s positioned substantially
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perpendicular to the flat surface of the disc 108. The fence
filter 136 1s designed to catch particulates transported by
radial airflow at the periphery of the disc 108. The fence
filter 136 also can catch particulates transported by tangen-
fial airflow at the periphery of the disc 108, such as particu-
lates carried 1n the direction of arrow D. However, the fence
filter 136 1s confined to a particular area of the disc drive
housing and cannot collect particulates 1n radial or tangential
airflow 1n other areas of the disc drive housing. A circulation
filter 140 has a filter element 142 that 1s also positioned
substantially perpendicular to the flat surface of the disc 108.
The circulation filter 140 1s designed to catch particulates
transported by radial airflow at the periphery of the disc 108.
The circulation filter 140 1s 1incapable of catching particu-
lates transported by tangential airflow at the periphery of the
disc 108. Moreover, the circulation filter 140 1s confined to
a particular area of the disc drive housing and cannot collect
particulates 1n radial airflow 1n other areas of the disc drive
housing.

Therefore, there 1s a need 1n the art for a particulate filter
that reduces particulates 1n circular, radial, and tangential
airflow currents. The particulate filter should also function to
reduce mechanical vibrations and acoustic noise 1n the disc
drive.

SUMMARY OF THE INVENTION

Against this backdrop, embodiments of the present inven-
fion have been developed. An embodiment of the present
invention incorporates the functionality of a particulate filter
with that of an acoustic noise filter and a mechanical
vibration filter. An impaction filter covers a selected portion
of the surface area of the interior of the disc drive housing.
The impaction filter 1s placed 1n an area of the disc drive
housing 1n which the particulates will most likely be
moving, thereby maximizing the probability of trapping the
particulates. The position of the impaction filter with respect
to the disc drive housing reduces particulates 1n both radial
and tangential airflow currents. The impaction filter 1s con-
structed of a soft material, such as a mixed polypropylene
and modified acrylic fibers, so that particulates are bound to
the surface of the impaction filter upon 1impact. The textured
surface of the filter and the static caused by the operation of
the disc drive 1n close proximity with the filter cause the
particulates to tend to remain bound to the filter. Because of
the location of the impaction filter within the interior of the
disc drive housing, the particulates in the tangential airflow
currents are reduced. Moreover, the fabrication and location
of the impaction filter reduces acoustic noise and mechanical
vibrations.

In one embodiment of the present invention, a filtration
system 1s provided for a disc drive that includes an elongate
perimeter filter constructed of an electrostatic filter damping,
material. The elongate perimeter filter extends along a
portion of an outer perimeter of a disc between the disc and
the housing of the disc drive. The damping material has a
textured surface for collecting particulates that 1impact the
textured surface. The damping material 1s further operative
to dampen mechanical energy by reducing the coupling of
mechanical energy across the gap between the disc and the
disc drive housing.

In another embodiment, a filtration system 1s provided for
a disc drive that includes an arcuate cap filter constructed of
a damping material. The arcuate cap filter extends along a
portion of a top surface of a disc 1 proximity to the
outer-most edge of the disc. The damping material has a
textured surface for collecting particulates that impact the
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textured surface. The damping material comprises polypro-
pylene and acrylic fibers and 1s operative to dampen
mechanical energy passing through the damping material.

In yet another embodiment of the present invention, a disc
drive boundary 1s provided. The disc drive boundary
encloses at least a portion of an outside diameter of a
rotating disc pack. The disc drive boundary includes an
clongate filter that 1s fabricated of a damping material. The
clongate filter has an inner surface that i1s textured and is
positioned 1n close proximity to the outside diameter of the
rotating disc pack. The damping material 1s made of
polypropylene and acrylic fibers and 1s operative to collect
particulates and to absorb mechanical energy. The elongate
filter has a height that 1s substantially equal to a height of the
disc pack.

These and various other features as well as advantages
which characterize the present invention will be apparent
from a reading of the following detailed description and a
review ol the associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view depicting the primary internal
components of a disc drive equipped with a conventional
particulate filtration system.

FIG. 2 1s a plan view depicting the primary internal
components of a disc drive incorporating a filtration system
that 1s a preferred embodiment of the present invention.

FIG. 3 1s a perspective view depicting a portion of a
perimeter filter of a preferred embodiment of the present
invention.

FIG. 4 1s a plan view depicting the primary internal
components of a disc drive incorporating a filtration system
that 1s an alternative embodiment of the present invention.

FIG. 5 1s a perspective view depicting a cap filter of an
alternative embodiment of the present invention.

DETAILED DESCRIPTION

Exemplary embodiments of the present invention 1ncor-
porate the functionality of a particulate filter with that of
acoustic noise and mechanical vibration filters. In an
embodiment of the present invention, the impaction filter
covers a portion of the interior of the disc drive housing, thus
reducing particulates 1n both radial and tangential airflow
currents. The impaction {filter 1s constructed of a soft
material, such as polypropylene and modified acrylic fibers,
so that particulates are bound to the surface of the impaction
filter upon 1mpact. The textured surface of the filter and the
static caused by the operation of the disc drive 1n close
proximity with the filter cause the particulates to tend to
remain bound to the filter. The position of the impaction
filter with respect to the interior of the disc drive housing
reduces particulates 1n all airflow paths. Moreover, the
fabrication and coverage area of the impaction filter simul-
taneously reduces acoustic noise and mechanical vibrations.

FIG. 2 depicts the primary internal components of a disc
drive incorporating a particular filter that 1s an exemplary
embodiment of the present invention. A perimeter filter 202
surrounds at least a portion of the outer perimeter of the disc
108. In an exemplary embodiment, the perimeter filter 202
extends about 180 degrees along the outer perimeter of the
disc. As described above, particulates 1n the disc drive
housing can be carried in the direction of arrow B caused by
a rotation of the disc 108 in the direction of arrow A. The
perimeter filter 202 1s an 1mpaction filter, in that it can be
constructed of a textured fabric material that collects par-
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ficulates that impact the surface of the perimeter filter 202.
Particulates impact the surface of the perimeter filter 202 as
the disc pack rotates, moving the particulates radially out-
ward and in the direction of rotation. The textured fabric
material provides a damping effect that absorbs mechanical
energy, such as mechanical vibrations and acoustic noise,
thereby creating an energy-dissipating boundary at the outer
perimeter of the discs 108. For example, the perimeter filter
202 could be constructed of a polypropylene and acrylic
fiber material. In an exemplary embodiment, the perimeter
filter 202 could be pre-assembled on a frame (not shown)
that could be attached to the disc drive housing during the
manufacturing process. The frame might function as a spring
to bias the perimeter filter in an outward direction against the
inside surface of the disc shroud 150. The perimeter filter
202 also uses static electricity to retain collected particles on
the perimeter filter’s surface. The static electricity 1s built up
by the motion of the disc 108 in close proximity to the
surface of the perimeter filter 202.

The interior surface 204 of the perimeter filter 202 can
have a height that 1s substantially equal to the distance
between the inside surface of the top cover (not shown) of
the disc drive housing and the inside surface of the base 102
of the disc drive housing. The height of the perimeter filter
202 can be approximately twice the disc pack height. The
outside surface 206 of the perimeter filter 202 can be
adhered with an adhesive to the mside surface of the disc
shroud 150 1n the region 1 proximity with the disc 108. In

an exemplary embodiment of the present invention, the
inside surface of the disc shroud 150 can be modified to
create more room to accommodate the thickness of the
perimeter filter 202. A small gap 252 between the disc 108
and the disc shroud 150 shall be maintained to ensure no
contact between the filter and the rotating disc. In addition,
the textured surface of the perimeter filter 202 can cause
airflow turbulence that can also reduce disc vibration. The
softening of the mside surface of the disc shroud 150 reduces
shearing forces that effect disc vibration. The perimeter filter
202 can be used to provide this softening function. The
perimeter filter 202 can be adhered to the inner surface of the
disc shroud 150 with an adhesive that becomes plastic at
operating pressure. Preferably, the mechanical response of
the adhesive 1s plastic at the appropriate operating pressure
of the disc drive to maximize the shift of mechanical energy
to the perimeter filter 202. Alternatively, the perimeter filter
202 can be outwardly biased, so that the spring force of the
perimeter filter would maintain the perimeter filter in a fixed
position relative to the disc shroud 150, thereby eliminating,
a need for adhesive. Mechanical vibrations are reduced by
the ability of the perimeter filter 202 to absorb the mechani-
cal energy.

Advantageously, the perimeter filter 202 also can reduce
acoustic noise emanating from the disc drive 200. The
generation of acoustic noise by a disc drive 200 1s a
well-known phenomenon. Acoustic noise can be caused by
the movement of the actuator arm, the high-speed rotation of
the discs, or by various other internal sources. The perimeter
filter 202 tends to dampen the acoustic noise generated by
the disc drive. Accordingly, the perimeter filter collects
unwanted particulates, reduces mechanical vibration, and
suppresses acoustic noise. Notably, all three functions are
provided by a single part that can be added to a disc drive
assembly cheaply and without any significant modifications
to the disc drive design.

FIG. 3 depicts a portion of an exemplary perimeter filter
300. As described above, the height H of the perimeter filter
300 can be substantially equal to the distance between the
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interior surfaces of the top cover (not shown) in the base 102
of the disc drive. However, 1t will be appreciated by those of
ordinary skill in the art that the filter could be constructed at
various heights, as constrained by conventional manufac-
turing requirements. For example, the {filter could have a
height that 1s greater or less than approximately twice the
disc pack height, but preferably should have a height of
approximately twice the disc pack height. Alternatively, the
perimeter filter 300 can be constructed at a height sufficient
to extend beyond the top and bottom of the disc or disc pack
by approximately the thickness of a single disc. The perim-
cter filter 300 can be constructed of virtually any width W.
However, where the volume of the disc shroud 150 1s
increased to accommodate the perimeter filter 300, the width
of the perimeter filter may be constrained by the physical

integrity requirements of the disc drive’s base 102.

As described above, the permmeter filter 300 can be
constructed of polypropylene and acrylic fiber material 350,
to optimize the functionality of the perimeter filter 300. This
polypropylene and acrylic fiber material 350 1s similar to
that found 1n the absorbent pad of an adhesive bandage. The
perimeter filter 300 also can have a textured surface 352 to
optimize the ability of the perimeter filter to entrap particu-
lates upon 1mpact.

FIG. 4 depicts a disc drive that employs a filter that 1s an
alternative embodiment of the present invention. The disc
drive 400 has been equipped with a cap filter 402. The cap
filter can be constructed of essentially the same materials
described 1n connection with the perimeter filter 202. Unlike
the perimeter filter 202, however, the effective surface of the
cap filter 402 1s parallel to the flat surface of the discs and
1s located above the discs and near the outer edge of the
rotating disc pack. In a particular embodiment, the cap filter
402 1s near the between-disc interface. Preferably, the cap
filter 402 1s attached to the top cover assembly. Accordingly,
the cap filter 402 can be adhered with an adhesive to the top
cover (not shown) of the disc drive 400. Preferably, the
mechanical response of the adhesive 1s plastic at the appro-
priate operating pressure of the disc drive to maximize the
shift of mechanical energy to the cap filter. Alternatively, the
cap filter can be held above the surface of the discs 108 by
brackets or by any other means of securing the cap filter 402
to the disc drive’s base 102 or top cover. In yet another
alternative embodiment of the present invention, the cap
filter 402 can be used 1n combination with the perimeter

filter 202.

The cap filter 402 depicted in FIG. 4 has an arcuate shape
that 1s located above the outer edge of the disc. This arcuate
shape provides an opening that 1s large enough to permait the
actuator arm 110 to move freely across the surface of the
discs. In an alternative embodiment of the present invention,
the cap filter could be enlarged to cover the enfire surface of
the disc 108, as long as the actuator arm 110 1s positioned in
a separate vertical plane. In yet another alternative
embodiment, the cap filter can be sized to cover most of the
disc surface, leaving only enough room for the actuator arm
to move freely in the same vertical plane.

As described m connection with the perimeter filter, the
cap filter 402 can serve multiple functions. First, the cap
filter 402 can collect particulates 1n radial and tangentlal
arrflow. Second, the cap filter 402 can reduce acoustic noise
generated by the disc drive 400. Third, the cap filter 402 can
reduce mechanical vibration i the dlSC drive. However, the
perimeter filter 202 has proven to be more effective for
reducing mechanical vibration than the cap filter 402.

FIG. § depicts an exemplary cap filter 500. As described
above, the cap filter can be adhered to the disc drive’s top
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cover. In order to reduce the overall disc drive height, the top
cover can be modified to accommodate the height H of the
cap filter 500. For example, the top cover could be milled-
out to make room for the cap filter, thereby minimizing the

additional room needed by the cap filter 500. The width W
of the cap filter 500 1s determined by the inside and outside
diameters of the discs 108, the inside dimensions of the disc
shroud 150, and the dimensions of the spindle motor 146.
The cap filter can comprise a full circle or a portion thereof.
However, as described above, the cap filter could be con-
structed as a solid semi-disc, €.g. a half-circle, rather than the
partial semi-disc such as the washer-shaped semi-disc
shown 1n FIG. 5. The cap filter could either be substantially
flat like a washer or could have a substantially vertical
dimension, giving rise to a donut shape or partial donut
shape. The cap filter could be adhered to the top cover using
an adhesive like those described 1n connection with FIG. 2.

As described above, the cap filter 500 can be constructed
of a mixed polypropylene and acrylic fiber damping material
550, to optimize the functionality of the cap filter 500. This
mixed polypropylene and acrylic fiber damping material 550
1s similar to that found 1n the absorbent pad of an adhesive
bandage or from high purity product vendors such as
Donaldson Company, Inc. The filter material characteristics
of an embodiment include a basis weight of approximately
3 g/cm” (grams per square centimeter), permeability of
about 193 to about 228 cm/sec (centimeter per second), and
a typical thickness of about 0.02 to about 0.12 c¢cm. The cap
filter 500 also can have a textured surface 352 to optimize
the ability of the cap filter to entrap particulates upon 1impact.

In summary, embodiments of the present invention may
be viewed as having a filtration system for a disc drive (such
as 200) that has an elongate perimeter filter (such as 300)
constructed of a polypropylene or electrostatic damping
material (such as 350) and extending along a portion of an
outer perimeter of a disc (such as 108). The damping
material (such as 350) has a textured surface (such as 352)
for collecting particulates that impact the textured surface.
The damping material (such as 350) 1s operative to dampen
mechanical energy passing through the damping material.

Alternative embodiments of the present invention may be
described as having a filtration system for a disc drive that
has an arcuate cap filter (such as 402) constructed of a
damping material (such as 550) and extending along a
portion of a top surface of a disc (such as 108). The damping
material (such as 550) has a textured surface (such as 552)
for collecting particulates that impact the textured surface
(such as 552). The damping material (such as 550) is
operative to dampen mechanical energy and preferably is
made of polypropylene and acrylic fibers. Further, another
alternative embodiment may include an arcuate cap filter
(such as 402) and a perimeter filter (such as 300) in a disc
drive.

Other alternative embodiments of the present mvention
may be described as having a disc drive boundary (such as
202) that encloses at least a portion of an outside diameter
of a rotating disc pack (such as 108) that has an elongate
filter (such as 300) fabricated of a damping material (such as
350), the clongate filter having an inner surface (such as
352) that is textured and is positioned in close proximity to
the outside diameter of the rotating disc pack (such as 108).
The damping material (such as 350) comprises mixed
polypropylene and acrylic fibers and 1s operative to collect
particulates and to absorb mechanical energy. In a particular
embodiment, the elongate filter (such as 300) has a height
that extends beyond the top and bottom of the disc or disc
pack by approximately the thickness of a single disc.
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It will be clear that the present mvention 1s well adapted
to attain the ends and advantages mentioned as well as those
inherent therein. While a presently preferred embodiment
has been described for purposes of this disclosure, various
changes and modifications may be made which are well
within the scope of the present invention. Numerous other
changes may be made which will readily suggest themselves
to those skilled 1n the art and which are encompassed 1n the
spirit of the invention disclosed and as defined in the
appended claims.

What 1s claimed 1s:

1. A filtration system for a disc drive, comprising;:

an elongate perimeter filter extending alongside and adja-

cent to a portion of an outer perimeter of a disc in the
disc drive, constructed of a material that dampens
mechanical energy, wherein the damping material has a
textured surface for collecting particulates that impact
the textured surface and wherein the elongate perimeter
filter extends at least about 180 degrees around the
outer perimeter of the disc.

2. The filtration system of claim 1, wherein the damping
material absorbs mechanical energy.

3. The filtration system of claim 2, wherein the damping
material absorbs mechanical vibrations.

4. The filtration system of claim 2, wherein the damping
material absorbs acoustic energy.

5. The filtration system of claim 1, wherein the elongate
perimeter filter has a height and a width and a substantially
rectangular cross section.

6. The filtration system of claim 1, wherein the disc drive
comprises a disc pack having a disc pack height and one or
more discs and wherein a height of the filter 1s about twice
the disc pack height.

7. The filtration system of claim 6, wherein the disc drive
has a disc shroud around the disc pack with the elongate
perimeter filter located between the disc pack and the disc
shroud.

8. The filtration system of claim 7, wherein the elongate
perimeter filter 1s adhered to an inner surface of the disc
shroud.

9. The filtration system of claim 8, wherein the elongate
perimeter filter 1s adhered to an 1nner surface of the disc
shroud with an adhesive that i1s substantially plastic at an
operating pressure of the disc drive.

10. The filtration system of claim 7, wherein the elongate
perimeter filter 1s equipped with a frame that 1s outwardly
biased, so that the elongate perimeter filter 1s substantially
fixedly attached to an inner surface of the disc shroud by a
spring force provided by the frame.

11. The filtration system of claim 1, wherein the damping
material comprises polypropylene and acrylic fibers.

12. The filtration system of claim 1, wherein the elongate
perimeter filter extends more than 180 degrees around the
outer perimeter of the disc.

13. A data storage device having a filtration system
comprising:

a particulate filter extending at least about 180 degrees

around an outer perimeter of a disc mounted for rota-
tion within the data storage device; and

a mechanical energy filter means integrated with the
particulate filter for reducing mechanical vibrations.
14. The data storage device of claim 13 wherein the filter
means comprises an elongate perimeter filter having a height
and a width and a substantially rectangular cross section.
15. The data storage device of claim 13 wherein the data
storage device comprises a disc pack having a height and
onc or more discs and wheremn a height of the elongate
perimeter filter 1s about twice the disc pack height.
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16. The data storage device of claam 13 wherein the data
storage device comprises a disc shroud around a disc pack
and the filter means 1s adhered to an 1nner surface of the disc
shroud.

17. The data storage device of claim 13 wherein the filter
means COMmprises:

an arcuate cap filter above and adjacent to a top surface of
the disc, constructed of a material that dampens
mechanical energy and has a textured surface for col-
lecting particulates that impact the textured surface.

10

18. The data storage device of claim 17 wherein the

damping material comprises polypropylene and acrylic
fibers.

19. The data storage device of claim 18, further compris-

ing an clongate perimeter filter constructed of a damping

material and extending along a portion of an outer perimeter
of a disc.
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